atherosclerosis. Basically, this is also the principle consideration underlying the strategy of Mendelian randomization. 5 It implies that-unlike the relationship between an 'exogenously' modifiable, putatively causal factor and a disease-the association between functional genetic variants and a disease is insensitive to confounding and reverse causation.
Family and twin studies suggest that genetic factors may account for as much as 40% of the variance in plasma C-reactive protein levels. 6 -8 Indeed, single-nucleotide polymorphisms (SNPs) and haplotypes at the C-reactive protein gene have been identified and some of them have successfully been linked to the concentration of C-reactive protein. 9 -26 Experimental evidence has emerged that C-reactive protein may act as a pro-coagulant 27 -30 and vasoconstrictor. 31 -33 Consequentially, attempts have been made to link genetic PM associated with high C-reactive protein concentrations to self-reported coronary artery disease (CAD), 21 the incidence rate of cardiovascular endpoints, 22, 24, 26 myocardial infarction, 16 arterial thrombosis, 10 nonfatal myocardial infarction, 34 carotid intima media thickness, 22 or carotid artery compliance. 25 Most of these studies did not establish a relationship between PM at the C-reactive protein gene and atherosclerosis-related phenotypes, 10, 16, 24, 26, 34 whereas a few did, although in ethnic subgroups only 21, 22 or using a surrogate maker of atherosclerosis such as the carotid artery compliance. 25 Other series of experimental studies have implicated C-reactive protein directly in the development and progression of atherosclerosis. C-reactive protein may be produced by smooth muscle cells and macrophages, 35, 36 contribute to the development of endothelial function, 37 -39 induce the expression of adhesion molecules 40, 41 and angiotensin type I receptors, 42 and enhance the endocytosis of LDL, either native 43 or after oxidative modification. 44 It is surprising in that respect that the relationship between PM at the C-reactive protein gene and the atherosclerotic burden assessed by coronary angiography has not been examined. For this reason, we set out to study the association between three genetic PM at the C-reactive protein locus and inferred haplotypes on the one hand and circulating levels of C-reactive protein and the prevalence of CAD on the other hand in a large cohort of individuals who underwent coronary angiography. We included the following PM in this study: 2717C.T (rs2794521) which is located in the promoter, 11, 14, 16, 20, 45 þ1059G.C (rs1800947), a synonymous PM within the coding region, 10,13 -16,18,20 and þ1444C.T (rs1130864) which is in the 3 0 untranslated region. 11, 16, 20, 46 
Methods

Study design and participants
We studied participants of the LUdwigshafen RIsk and Cardiovascular Health (LURIC) study recruited between June 1997 and May 2001. 47 Inclusion criteria were: German ancestry, clinical stability except for acute coronary syndromes, and the availability of a coronary angiogram. The indications for angiography in clinically stable individuals were chest pain and/or non-invasive test results consistent with myocardial ischaemia. Individuals suffering from acute illness other than acute coronary syndromes, chronic non-cardiac diseases, or malignancy within the past 5 years and those unable to understand the purpose of the study were excluded. The study was approved by the ethics committee at the 'Ä rztekammer Rheinland-Pfalz'. Informed written consent was obtained from all participants.
CAD was assessed by angiography with maximum luminal narrowing estimated by visual analysis. Clinically relevant CAD was defined as the occurrence of at least one stenosis of 20% or more in one or more of 15 coronary segments. Individuals with stenoses ,20% were considered as not having CAD. We also provisionally defined CAD as the presence of at least one stenosis of 50% or more, again classifying individuals with stenoses ,20% as controls. Further, we stratified the study participants according to the severity of CAD. This was accomplished by coding normal coronary vessels, 20 -50% lesions in one to three vessels, at least one lesion .50%, or lesions .50% in two or three vessels as 0,1,2, or 3, respectively.
The metabolic syndrome was defined as recommended by the National Cholesterol Education programme. 48 Diabetes mellitus was diagnosed if plasma glucose was .1.25 g/L in the fasting state or .2.00 g/L 2 h after an oral glucose load, 49 or if individuals were receiving anti-diabetic treatment. Hypertension was diagnosed if the systolic and/or diastolic blood pressure exceeded 140 and/or 90 mm Hg or if there was a history of hypertension, evident through the use of antihypertensive drugs.
Measurements of C-reactive protein and of three PM at the C-reactive protein locus were complete in 3252 of 3279 individuals with coronary angiograms; out of the 3252 individuals with complete measurements, 626 presented with unstable angina, 114 with non-ST-elevation myocardial infarction (Troponin T . 0.1 mg/L), and 289 with ST-elevation myocardial infarction (Troponin T . 0.1 mg/L).
Clinical chemistry
Fasting blood samples were obtained by venipuncture in the early morning. 'Sensitive' C-reactive protein was measured by immunonephelometry on a Behring Nephelometer II (N High Sensitivity CRP, Dade Behring, Marburg, Germany) after completion of the patient recruitment in 2001 in samples stored at 2808C. In the C-reactive protein assay used, the limit of detection for C-reactive protein is 0.17 mg/L; it is linear up to 500 mg/L. The lowest and the highest C-reactive protein concentrations encountered in this study were 0.17 and 269 mg/L, respectively. Blood glucose was determined enzymatically using the hexokinase/glucose-6-phosphate dehydrogenase method (Roche Diagnostics, Mannheim, Germany). Lipoproteins were separated by a combined ultracentrifugation-precipitation method (b-quantification). 47, 50 
C-reactive protein-polymorphisms
Genomic DNA was prepared from EDTA anticoagulated blood by using a salting-out procedure. The SNPs were genotyped by polymerase chain reaction and restriction fragment-length analysis, using the following primer pairs and enzymes: CRP P1 -717 (5 0 -gtt ccc ctt cct gtg tcc aag ta-3 0 ), CRP P22717 (5 0 -act gga ctt tta ctg tca ggg c-3 0 ), and DraIII for rs2794521; CRP P1þ1059 (5 0 -ttt tac agt ggg tgg gtc tg-3 0 ), CRP P2þ1059 (5 0 -aac act tcg cct tgc act tc 23 0 ), and BsiHKI for rs1800947; CRP P1þ1444 (5 0 -gtg tct ggt ctg gga gct cgt ta 23 0 ), CRP P2þ1444 (5 0 -ctt ctc agc tct tgc ctt atg agt 23 0 ), and HpyCH4III for rs1130864. The following fragments were obtained: rs2794521 T Role of C-reactive protein in atherosclerosis allele 172 bp, C allele 109 bpþ63 bp; rs1800947 G allele 276 bpþ99 bp, C allele 375 bp; rs1130864 C allele 156 bpþ39 bp, T allele 195 bp. To validate the method three samples of each genotype were sequenced; as internal control 184 DNA samples, randomly distributed within the samples, were genotyped twice. To confirm genotype assignment, the restriction fragments were analysed independently by two scientists on two separate occasions. The results were scored blinded as to case -control status.
Statistical analysis
Continuous variables were assessed for normality by the inspection of histograms. C-reactive protein and triglycerides were not normally distributed and therefore transformed logarithmically before being used in parametric statistical procedures. Clinical and anthropometric characteristics were compared between CAD patients and controls by analysis of variance (ANOVA) or logistic regression using co-variables as indicated ( Table 1) . We studied the effect of the CAD status, sex, age, and risk factors on C-reactive protein using ANOVA models in which we included those factors not under examination as co-variables ( Table 2) . Haplotypes (Table 3) were inferred using the PHASE 2.0 software. 52 To examine the effect of PM and haplotypes on C-reactive protein, we used ANOVA with co-variables as indicated ( Table 4 ). In models assuming a co-dominant (additive) effect of the alleles, genotypes were coded as 0, 1, and 2, respectively, and genotypes were either treated as interval-scaled or categorical variables, the most frequent genotype being considered as the reference category in the latter case. When assuming a dominant effect, the most frequent genotype was coded as 0, and the combined remaining ones were coded as 1. When assuming a recessive effect, the least frequent genotype was coded as 1, the combined other ones were coded as 0. When looking at the effect of haplotypes, the numbers of a given haplotype per individual was used as the independent variable, also allowing for co-dominant, dominant, and recessive effects. The assumption for using ANOVA that the residuals are normally distributed was examined using plots of observed vs. predicted values. In none of the analyses presented in Tables 2 and 4 did we obtain any indication that this assumption was violated. Further, the estimated marginal means of the dependent variables along with their 95% confident intervals (CI) are reported in the ANOVA procedures and the least significant difference t-test was used for post hoc comparisons. Estimated marginal means are not observed means; rather they represent predicted means estimated at the co-variables held at their respective actual means. Finally, we analysed the association between C-reactive protein genotypes or haplotypes and angiographic CAD in an analogous fashion by logistic regression ( Table 5 ). Multivariable adjustment was carried out in two steps, first for sex and age, and then, in addition, for cardiovascular risk factors (body mass index, diabetes mellitus, hypertension, smoking, LDL-C, HDL-C, logarithmically transformed triglycerides, GFR). All statistical tests were two-sided. P , 0.05 was considered statistically significant. The SPSS 14.0 statistical package (SPSS Inc., Chicago, IL, USA) was used.
Results
Characteristics of coronary artery disease patients and controls
Patients with CAD were significantly older than controls ( 
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Role of C-reactive protein in atherosclerosis also not differ between the two groups, due to the fact that 57% of CAD patients received lipid-lowering drugs (.97% statins) compared with 18% of controls. When we adjusted for the use of lipid-lowering drugs in addition to age and sex, estimated marginal means for LDL-C were 1.13 and 1.18 g/L, respectively, in controls and CAD patients (P ¼ 0.002).
Association of cardiovascular risk factors and coronary artery disease status with C-reactive protein
We examined the effect of sex, age, risk factors, and of the clinical status on C-reactive protein in a general linear model in which we included those factors not under examination as co-variables ( Table 2) . C-reactive protein was higher in women than in men, and increased in parallel to age and body mass index. C-reactive protein was elevated in smokers, more so in current than in former ones. There was a non-significant tendency towards higher C-reactive protein in patients with the metabolic syndrome, and it was significantly increased in patients with diabetes mellitus. C-reactive protein was similar in hypertension as in normotension. C-reactive protein was high at high triglycerides and at low HDL-C, but was not related to LDL-C. Patients with calculated GFRs ,60 mL/min had increased C-reactive protein compared with those with GFRs ! 90 mL/min. Interestingly, compared with individuals without CAD, C-reactive protein was not significantly increased in patients with stable CAD. Only in patients with unstable angina, NSTEMI or STEMI was C-reactive protein significantly higher than in individuals without CAD. On the whole, these clinical characteristics accounted for 24% of the total variance of C-reactive protein with the clinical condition at presentation (10%) being the most important predictor.
C-reactive protein genotypes
The three PM of the C-reactive protein gene were in HardyWeinberg equilibrium. The allele frequencies ( of these haplotypes was very rare and therefore disregarded in all further analyses. x 2 testing did not reveal any significant association between allele frequencies and angiographic CAD.
Effect of C-reactive protein genotypes and circulating C-reactive protein
We used ANOVA to examine the effects of genotypes on circulating C-reactive protein with statistical adjustments made for age, sex, use of lipid-lowering drugs, cardiovascular risk factors (body mass index, diabetes mellitus, hypertension, smoking, LDL-C, HDL-C, triglycerides, and GFR), and for CAD status (no CAD, stable CAD, unstable angina, NSTEMI, STEMI, coded 0 through 4, Table 4 ). The 2717C.T (rs2794521) PM was not related to C-reactive protein, but both the þ1059G.C PM (rs1800947) and the þ1444C.T PM (rs1130864) were. One C allele at position þ1059 (rs1800947) increased C-reactive protein by 20 -30%, one T allele at position þ1444 (rs1130864) increased C-reactive protein by 18%. We observed four haplotypes at the C-reactive protein locus. Haplotype 1 moderately, but significantly lowered C-reactive protein. To be certain that confounding by any acute phase response was ruled out, we conducted an additional set of analyses which we restricted to controls or patients with stable CAD. Consequentially, in this analyses the co-variable CAD status could assume two values only (0 and 1, for no CAD and stable CAD, respectively, Table 4 ). This analysis was highly consistent with the results obtained in the entire cohort. Finally, the same associations were seen when we considered study participants not receiving lipid-lowering drugs separately (data not shown).
Association of C-reactive protein gene polymorphisms and haplotypes with angiographic coronary artery disease
There was a tendency towards a lower prevalence of angiographic CAD in carriers of the C allele of the 2717C.T (rs2794521) PM which was, however, not robust against adjustment for confounding variables ( Table 5) . Heterozygous carriers of the þ1059G.C PM (rs1800947), who had significantly reduced C-reactive protein concentrations, revealed a spuriously, but insignificantly higher prevalence of angiographic CAD than carriers of the wild-type. Homozygous carriers of the C allele at position þ1059 (rs1800947) even showed a more than three-fold higher prevalence of CAD, but this association was also not statistically significant. There was virtually no association of the þ1444C.T PM (rs1130864) and CAD.
In carriers of two copies of haplotype 1 which lowers C-reactive protein the prevalence of CAD was slightly increased, but this was not significant. Haplotype 2 which was associated with high C-reactive protein was not at all associated with CAD. Carriers of one or two copies of haplotype 3 (dominant model) which was neutral with regard to the C-reactive protein concentration had a significantly lower prevalence of CAD compared with those lacking this haplotype. Finally, there was a non-significant increase in the prevalence of CAD in carriers of haplotype 4, which decreased C-reactive protein.
Neither C-reactive protein genotypes nor C-reactive protein haplotypes were associated with a history of myocardial infarction (data not shown). To examine the impact of definitions of CAD different from the current one (at least one stenosis of 20% or more in more than one coronary segment), we also used the presence of one or more stenoses of 50% or more as a criterion. This also did not materially change the results (data not shown). Further, we compared the severity of CAD (coded 0 through 3) between C-reactive protein genotypes and haplotypes by ANOVA and covariance. In none of these models (data not shown) were the C-reactive protein genotypes and haplotypes associated with severity of CAD with the exception that carriers of the þ1444CT (rs1130864) genotype (who have increased C-reactive protein) had a slightly lower mean severity of CAD (P ¼ 0.018).
Discussion
We have completed the largest study simultaneously investigating the relationship between C-reactive protein genotypes, circulating C-reactive protein, and angiographic CAD. The study has two key results. We confirm that genetic diversity at the C-reactive protein locus impacts on the concentration of C-reactive protein in the circulation. Further, none of the genotypes raising C-reactive protein was consistently associated with an increased prevalence of CAD and that none of the genotypes resulting in low C-reactive protein protected from CAD.
Circulating levels of C-reactive protein show substantial intraand inter-individual variation. 53 Many conventional cardiovascular risk factors themselves produce high C-reactive protein concentrations. We therefore sought to identify variables potentially confounding associations between genotypes and phenotypes. As expected, C-reactive protein was higher in women than in men, increased in parallel to age and body mass index, was elevated in patients with type 2 diabetes mellitus, in previous or current smokers, at low HDL-C and at impaired renal function. C-reactive protein increased in the order of no CAD, stable CAD, unstable CAD, NSTEMI, and STEMI. Of interest, however, as reported previously from the LURIC cohort 54 the difference in C-reactive protein between patients without angiographic CAD and those with clinically stable CAD was small and statistically not significant, although our ability to detect even a small difference was considerable: At a power of 0.80 and an alpha of 0.05 we would have been able to detect a roughly 25% difference in C-reactive protein between the controls (n ¼ 697) and the stable CAD patients (n ¼ 1526). This may indicate that C-reactive protein is not causal to the development of atherosclerosis. Rather, C-reactive protein may be more closely related to the inflammatory activity of atherosclerotic lesions. On total, the anthropometric and clinical measures accounted for 24% of the total variance of C-reactive protein with the clinical status at the time of presentation contributing as much as 10%. This is approximately in line with Kathiresan et al. 23 reporting that 12 clinical factors were significantly related to serum C-reactive protein level and combined explained 26% of C-reactive protein level variation. Using multivariate adjustment for confounding variables we confirmed previous results as to the association between PM at the C-reactive protein gene and systemic C-reactive protein concentrations. As seen by others, 11, 14, 16, 45 the 2717C.T PM (rs2794521) was not related to C-reactive protein. The þ1059G.C PM (rs1800947) was associated with lower C-reactive protein in some, 10, 13, 16, 18 but not all 11,14,15 prior studies. In the current study, each minor (C) allele of the þ1059G.C PM (rs1800947) lowered C-reactive protein by 1 mg/L. In line with previous work, 11, 16, 34 the minor (T) allele of the þ1444C.T PM (rs1130864) was positively and dosedependently related to C-reactive protein. Most likely, this association is due to the fact that the þ1444C.T PM (rs1130864) stands in linkage disequilibrium to a functional PM in the promoter of the C-reactive protein gene (2286T.A; rs3091244). 16 Roughly, the presence of a single T allele increased the C-reactive protein concentration by 0.6 mg/L, an effect estimate which is slightly greater than that obtained in a previous analysis of pooled data from 4659 individuals. 34 We inferred four major haplotypes at the C-reactive protein locus. The findings compare well with those by Miller et al. In line with previous work, 23 the proportion of the total variance of the C-reactive protein concentration explained by the genetic PM or haplotypes was small; it was in the order of 1% or less for those individual genetic predictors revealing a significant association with C-reactive protein. However, the proportions of variance explained by individual clinical factors well accepted to significantly impact on C-reactive protein such as sex, body mass index, metabolic syndrome/diabetes were ,1% and thus similarly low. The three PMs chosen were the most frequent studied ones when we initiated this study. In the meantime several publications with additional SNPs and haplotypes have been published. 55 However, as we were able to identify the most common haplotypes, we are convinced that additional PMs do not add information to the study or change the presented results.
The main purpose of this study was to examine whether or not variants at the C-reactive protein gene modulating the concentration of C-reactive protein would be associated with the atherosclerotic changes of the coronary arteries. Such a relationship would strongly imply C-reactive protein in the development of CAD. So far, a few studies addressed the value of C-reactive protein-PM in the prediction of acute cardiovascular events, but virtually no information has been available relating C-reactive protein-PM to the angiographic findings.
The 2717C.T PM (rs2794521) had no appreciable effect on C-reactive protein, but there was a trend to a lower prevalence of CAD in carriers of the minor (C) allele which was mostly not significant. This is in line with a recent small cross-sectional study in Chinese 45 and with the Physicians' Health Study (n ¼ 610 cases with either myocardial infarction or thromboembolic stroke), 16 both of which revealed the minor (C) allele of the 2717C.T PM (rs2794521) associated with a decreased risk of CAD. These observations may have its analogy in a study looking at genetic PMs related to lipoprotein metabolism in which genotypes predicting an adverse lipid profile protected against cardiovascular events.
56
The common denominator of the other results was that neither the þ1059G.C PM (rs1800947), the þ1444C.T PM (rs1130864), nor any of our haplotypes was associated with the prevalence of angiographic CAD. From the literature, a clear relationship between C-reactive protein PM and cardiovascular outcomes does not emerge at present. This may be related to the fact that different PMs were genotyped in the various studies and that true associations were missed because not all of the common genetic variation was represented. Our findings which regard to the þ1059G.C PM (rs1800947) are in agreement with previous studies in Caucasians 10, 16 in which carriers of the C allele did not have a lower risk of cardiovascular events despite having lower C-reactive protein concentrations, but stand in contrast to Lange et al. 22 who observed that white carriers of the C allele were at a significantly decreased risk of cardiovascular death. Three previous studies of the þ1444C.T PM (rs1130864) in Caucasians also found no association between the þ1444C.T PM (rs1130864) and cardiovascular events despite a similar effect of the minor allele variant on C-reactive protein. 16, 17, 34 C-reactive protein haplotypes were also not associated with incident CAD in the Rotterdam heart study, 24 and in patients beginning dialysis. 26 In the study of Crawford et al. 21 the AA genotype of the triallelic promoter PM -286C/T/A (rs3091244) (which was not tested in the current study) correlated positively with the C-reactive protein concentration in the nonHispanic black and in the Mexican American groups, respectively, but was associated with prevalent CAD in the non-Hispanic white population. The odds ratio (OR) for CAD of the AA genotype was 30.11 (95% CI 3.26-278.08) compared with the CC referent genotype, whereas the association of the AT genotype with prevalent CAD was opposite (OR, 0.10; 95% CI 0.02-0.57). However, only ,5 participants had the AA or AT genotype, respectively, while there were only 52 cases with the referent CC genotype. These associations should be interpreted with reservation for several reasons: they rested on very small numbers and selfreported CAD, were not accompanied by corresponding changes in C-reactive protein, and were limited to the Caucasians only. Ethnicity-related effects were also encountered by Lange et al.
22
who examined non-coding SNPs different from those in the current study. Although carotid intima media thickness was not related to any of the PMs tested, some of them increased and some of them decreased the risk of either stroke or cardiovascular disease, either in the Caucasians or African-Americans only. Finally, Eklund et al. 25 reported that the tri-allelic 2286C/T/A promoter PM (rs3091244) was associated with carotid artery compliance, a surrogate marker of uncertain clinical significance in men only. Thus, genotypes that would expose to a long-term moderate elevation in C-reactive protein were not related to CAD and those leading to low C-reactive protein did not protect from CAD. The approach used in this study to search for causality resembles the strategy of Mendelian randomization, which assumes that if genetic variants specifically alter an 'exogenously' modifiable factor deemed causal to the development of a disease, then those genetic variants should themselves be associated with the disease. 5 As an acute phase reactant, C-reactive protein is the prototype of an 'exogenously' modifiable factor and the relationship between C-reactive protein and CAD would, in addition, be subject to confounding by most of the well known cardiovascular risk factors (cf. Table 2 ). In contrast, there is no reason to assume that those 'exogenous' confounders are associated with the functional C-reactive protein genetic variants which exert stable long-term effects on the concentration of C-reactive protein. Further, the well-established association between C-reactive protein and cardiovascular events might be due to reverse causality. In the case of C-reactive protein, reverse causality is likely to be relevant, since rupture-prone atherosclerotic lesions bear significant inflammatory activity although an individual has not become symptomatic yet. Although the clinical phenotype of angiographic CAD has hardly been addressed, previous studies pursuing similar strategies have arrived at consistent conclusions. For instance, Timpson et al.
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found no evidence for a causal role of C-reactive protein in the metabolic syndrome, and studies looking at the relationship between genetic variants at the C-reactive protein locus and acute cardiovascular events were negative with only a few minor exceptions. This is well in line with the finding of no relationship between C-reactive protein genotypes or haplotypes and myocardial infarction in the current study (data not shown). Can our conclusions be reconciled with the experimental evidence attributing to C-reactive protein an active role in atherothrombosis? Indeed, a plethora of publications have incriminated C-reactive protein to exert pro-coagulant or atherogenic effects. 27 -33,35 -44 However, very recent studies cast serious doubt on the reliability of these findings because most of the prothrombosis, pro-inflammatory, or proatherogenic effects seen in vitro could be attributable to bacterial lipopolysaccharide or sodium azide contaminating commercial C-reactive protein preparations and because many of the effects are not seen any more once highly pure C-reactive protein is used. 58 -66 Consistently, recent studies of atherosclerosis-prone mice show that overexpression of human C-reactive protein did not enhance the development of atherosclerosis. 67 -69 Even the suggestion that lowering C-reactive protein by statins in humans prevents cardiovascular events 70, 71 would not be a compelling proof of causality since a strong correlation exists between the effect of statins on LDL cholesterol and on C-reactive protein. 72 Our study may have some limitations. First, as only a single measurement of C-reactive protein has been obtained, the day-to-day within-person variability of C-reactive protein might have attenuated the association between C-reactive protein and genetic PM. For example, at a sample size of approximately n ¼ 200, the within-person variability would attenuate the correlation coefficient and the regression coefficient between C-reactive protein and another variable by 15 and by 27%, respectively. 73 However, we believe that the actual attenuation is much smaller in the current study due to its large sample size. In addition, Carlson et al. 20 measured C-reactive protein on 7 and 15 year of their prospective study and the results of their genetic association study were very similar at these two time points. Second, although the current study is one of the largest coping with the relationship between C-reactive protein genetic PMs and CAD its statistical power may still have been too low to detect small effects of these PMs. For instance, the estimated marginal mean C-reactive protein in CC homozygotes at þ1444 (rs1130864) was 3.2 mg/L compared with 4.3 mg/L in TT homozygotes. Assuming a log-linear relationship between the C-reactive protein concentration and CAD described by Kö nig et al. 74 this change should be accompanied by an OR for CAD of 1.20. Power calculation for the present study shows that, with a power of 80% and an alpha of 0.05, in reference to CC (n ¼ 1413, 44%) we would have been able to demonstrate a relative risk for coronary heart disease of 1.6 for TT (n ¼ 381, 11%). The third limitation resides in the fact that the proportion of the total variance of the C-reactive protein concentration contributed by both clinical characteristics and the genetic PMs or haplotypes was small so that most of the variation in C-reactive protein levels is yet to be explained, it is thus possible that PMs in long-range cis-acting regulatory regions or other genes such as the apolipoprotein E gene 75, 76 have significant impact on both C-reactive protein levels and cardiovascular risk. Also, there may be other factors that preclude the detection of an association between genetic markers and disease outcomes even if a causal relationship exists. 77 We also wish to notice that adjustment for multiple testing has not been performed because we examined only three PMs and because these PMs have all been studied in relation to cardiovascular disease before. Further, our control individuals were recruited at a tertiary referral centre, underwent coronary angiography and may hence not be representative for a random population sample. This, however, may also be regarded as strength of the study. The prevalence of clinically asymptomatic coronary atherosclerosis has been reported to be very high at or above 50 years of age. 78 Hence, angiography-based recruitment of controls rules out that individuals with significant, yet clinically unapparent, CAD are inadvertently allocated to the control group. Further, the major cardiovascular risk factors occur at a similar frequency in our controls compared with the general population. The prevalence of hypertension is close to that found in a random probability sample from Germany. 79 Prima vista, diabetes mellitus appears two to three times more frequent in our study than in the general German population. 80 This is, however, most likely due to the fact we did not rely on self-reports. Rather, we measured fasting glucose and performed an oral glucose challenge in individuals not previously known to have DM.
Without doubt is there a correlation between the concentration of C-reactive protein and the risk of future cardiovascular events. 1 -3 The current data along with many pertinent previous epidemiological 10, 16, 34 and experimental findings, however, raise the possibility that C-reactive protein does not have a causal role in the development of atherosclerosis. Rather the reported association between C-reactive protein and coronary events in 1 -3 may be due to reverse causality bias or to confounding by other cardiovascular risk factors related to C-reactive protein.
